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Abstract 
We examined the epistemic climate of statistics classrooms across two different classrooms by 
measuring teachers’ espoused beliefs about teaching statistics and observing their teaching practices. 
We then explored whether students’ beliefs became more aligned with the epistemic climate of the 
classroom over time. Post-secondary students’ beliefs were measured at the beginning and end of 
the semester. To measure the epistemic climate, teachers completed self-reports of their beliefs 
about teaching and learning, and participated in two semi-structured interviews at the beginning and 
end of the semester. Moreover, several classroom observations were conducted over the course of 
the semester. Analyses of the data revealed that for one group of students in one class, their beliefs 
were well aligned with the classroom climate and remained stable over time whereas for the other 
group of students, their beliefs shifted over time to align with the classroom climate.   
Keywords: classroom epistemic climate, pedagogical approaches, statistics, students’ beliefs, 
teachers’ beliefs 
1. Introduction  
What is the relationship between students’ beliefs about statistics and instructional practices within the 
classroom? What influence do classroom climates have on students’ beliefs? Questions such as these                                                         
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have become increasingly popular among educational researchers, particularly in the fields of 
mathematics and statistics (National Council of Teachers of Mathematics [NCTM], 2010). 
Importantly, since the late 1980s, the NCTM (1989) has made explicit calls to teachers and teacher-
training programs to adopt constructivist approaches to teaching statistics. The shift toward 
constructivist approaches to teaching is founded on the belief that changes in instruction will result in 
shifts in students’ beliefs about knowledge and learning in statistics towards more constructivist views 
(Muis, Trevors, & Chevrier, 2016). Not only have these requests targeted elementary and secondary 
educational levels, they have expressed a need for change at the college and university levels as well. 
Why might there be a call for a shift in students’ beliefs about statistics? As Muis (2004) noted in 
her review of students’ beliefs about mathematics knowledge and learning, many students across all 
levels of education enter mathematics classrooms espousing beliefs about knowledge and learning 
that potentially limit their ability to understand the relevance and application of this domain. For 
instance, they may view mathematics knowledge as fixed, consider only one correct answer to each 
problem, and believe that memorization of formulas is the only way to learn. These types of 
mathematics-related beliefs, which include students’ beliefs about the nature of knowledge, learning, 
and teaching (Schoenfeld, 1985; Thompson, 1992), play an important role in students’ learning 
processes and achievement outcomes (Muis, 2004, 2008; Muis & Duffy, 2013; Schoenfeld, 1985). 
Although there is substantial research that has explored what students’ beliefs are about 
mathematics and how they relate to various learning outcomes (e.g., De Corte, Op’t Eynde, & 
Verschaffel, 2002; Garofalo, 1989; Kloosterman & Cougan, 1994; McLeod, 1992; Muis, 2004; 
Schoenfeld, 1985, 1989), we focus specifically on students’ beliefs about statistics knowledge and 
learning, which builds from related work on students’ mathematics beliefs. We also focus on 
statistics given that the NCTM has stated that, “a knowledge of statistics is necessary if students are 
to become intelligent consumers who can make critical and informed decisions” (NCTM, 1989, p. 
105). Statistics literacy is considered to play an important role in education and decision-making 
given the multitude of data available within today’s information society (Higgins, 1999; Rolka & 
Bulmer, 2005). If students’ beliefs about statistics limit them from fully understanding and applying 
statistics to their everyday lives, then a better understanding of how these beliefs arise and how they 
might change is imperative. In this study, we examine students’ statistics-related beliefs. Broadly 
defined, these encompass beliefs about the nature of knowledge, learning, and teaching in statistics, 
as well as students’ perceptions of value and self-efficacy beliefs for statistics. To examine the role 
of the instructional approach and classroom climate, we focus more specifically on the epistemic 
nature of the classroom. We focus our review on these constructs (for a more detailed discussion of 
epistemic beliefs, see Hofer & Pintrich, 1997). 
According to Muis et al. (2016), one factor that is related to students’ beliefs is the classroom 
epistemic climate. Unfortunately, little is known about the nature of the epistemic climate at the 
college and university levels within which these beliefs operate. In particular, there is a need to 
better understand how constructivist and traditional epistemic climates relate to students’ beliefs 
(Muis & Duffy, 2013). In the current study, we address this gap by exploring the epistemic climate 
of statistics classrooms to examine whether students’ beliefs about statistics aligned with the 
epistemic climate. In the following sections, we describe previous research that has examined 
constructivist and traditional instructional practices in relation to students’ beliefs and learning 
outcomes. We discuss the relevance of this work for the field of statistics by drawing on the 
literature for mathematics-related beliefs and statistics. The introduction closes with a description of 
the purpose and research questions for the present study. 
1.1. Epistemic Climate  
Epistemic climate refers to facets of knowledge and knowing that are salient in a learning 
environment. These various epistemic factors—or components of education—may include teachers’ 
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beliefs, learner beliefs, knowledge representations (e.g., textbooks, assessments, curricula), and 
pedagogical practices (Feucht, 2010; Haerle & Bendixen, 2008; Muis et al., 2016). Such factors and 
processes form the epistemic climate and can influence an individual’s beliefs within the learning 
environment (Feucht, 2010). Within the classroom, there are several features that can be explored in 
relation to students’ beliefs; however, one method is to explore the role of the epistemic climate by 
assessing the degree to which the pedagogical approach (i.e., instructor practices and classroom 
processes) reflects a more constructivist versus more traditional approach to teaching and learning 
statistics (see Muis & Duffy, 2013). Traditional views of teaching regard learners as passive 
recipients of knowledge and consider knowledge to be transmitted from an expert. These more 
traditional modes of instruction represent a teacher-centered approach, which often involves lecture 
and allows little room for collaboration or application. In contrast, constructivist views of 
teaching—a more contemporary approach—perceive learners as actively creating their own 
understanding of knowledge. While there are many different forms of constructivism, such as social, 
radical, cognitive, and sociocultural constructivism (see Cobb, 1994; Cobb & Yackel, 1996; 
Marshall, 1996; Murphy, Alexander & Muis, 2012; Prawat, 1996), most constructivist theorists 
maintain that learning is largely a personal process of meaning making that involves construction of 
knowledge from individual or interpersonal experiences (Murphy et al., 2012; Windschitl & Andre, 
1998). 
Within mathematics classrooms, constructivist instruction can be designed to encourage students 
to explore multiple pathways to solving a problem (Lampert, 1990; Muis & Duffy, 2013), and can 
promote inquiry (e.g., Yackel & Cobb, 1996), group work (e.g., Higgins, 1997) or authentic 
problem solving (e.g., Verschaffel et al., 1999). These approaches often result in increases in self-
efficacy, value for learning, and learning outcomes (see Muis, 2004 for a full review). In contrast, 
traditional mathematics instruction often values speed of problem solving, accuracy in answers, and 
memorization of formulas and concepts, which can have negative effects on self-efficacy, value for 
learning, and learning outcomes (Muis, 2004). What might not be apparent from the descriptions 
provided above is that embedded within each classroom are structures and resources that convey 
messages about knowledge and knowing—in other words, epistemic messages (Feucht, 2010). 
Epistemic messages refer to information in the classroom that is relayed to learners (either 
implicitly or explicitly) about the nature of knowledge and knowing. These messages may be 
embedded within knowledge representations (e.g., textbooks or curriculum) or instructional 
approaches present in the classroom (Feucht, 2010). For example, an instructor wearing a lab coat 
may serve as a reminder of the demarcation between experts and novices and convey a message 
about knowledge residing in authority figures. Collectively, these messages can shape the classroom 
climate by transmitting information about how knowledge is created and shared. 
Classroom climates—and corresponding epistemic messages—can be influenced and shaped by 
many factors including teachers’ beliefs (Pajares, 1992; Buehl & Fives, 2009; Fives & Buehl, 2008, 
2012) or worldviews (Powell, 1996; Olafson & Schraw, 2006). According to Pajares (1992), 
teachers’ beliefs can be implicitly or explicitly expressed in their classroom routines. Similarly, 
based on their review of the literature, Maggioni and Parkinson (2008) concluded that the teaching 
strategies teachers use in their classrooms are related to their epistemic beliefs; that is, their beliefs 
about knowledge and knowing (Hofer & Pintrich, 1997). For instance, classrooms with instructors 
who espouse less constructivist epistemic beliefs are typically characterized by teacher-centered 
classroom discourse, a focus on terminology, and an emphasis on the value of procedural problem-
solving rather than the value of the knowledge itself (Johnston, Woodside-Jiron, & Day, 2001; 
Lidar, Lundqvist, & Ostman, 2006). In contrast, constructivist beliefs relate to a greater sensitivity 
to students’ potential misconceptions, shared classroom authority, interactive activities, as well as 
greater emphasis on the value of inquiry and interpretation (Cheng, Chan, Tang, & Cheng, 2009; 
Kang & Wallace, 2005; Maggioni & Parkinson, 2008). 
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It is important to note, however, that research has also found that teachers may believe in a 
specific teaching perspective or practice (e.g., believe in a constructivist pedagogy), yet behave in 
ways that are not in line with their beliefs or ideals (e.g., use traditional instructional approaches) 
(Kane, Sandretto, & Heath, 2002; Kang & Wallace, 2005; Fang, 1996; Olafson & Schraw, 2006; 
Levitt, 2002; Schraw & Olafson, 2003; Thompson, 1992; White, 2000; Windschitl, 2002). For 
example, teachers may report that group work is important when learning mathematics, yet only 
occasionally allow students to work together to solve mathematics problems during lessons 
(Thompson, 1992). Moreover, in some cases, teachers espouse constructivist beliefs about teaching 
and learning, claim they use constructivist approaches, yet classroom observations reveal primarily 
traditional approaches to teaching (Olafson & Schraw, 2006). Due to these types of discrepancies 
between beliefs and practices, several researchers have called for observations of classroom 
practices to verify implementation of instructional approaches (Fang, 1996, Kang & Wallace, 2005). 
As Kane et al. (2002) conclude based on their review of teaching beliefs and practices: “…research 
that examines only what university teachers say about their practice and does not directly observe 
what they do is at risk of telling half the story.” (p. 177). To understand the nature of the 
relationship between teachers’ beliefs, their pedagogical approaches, and students’ beliefs, research 
is needed wherein both teachers’ and student’ beliefs are measured and classroom processes are 
observed. 
How might teachers’ beliefs and practices relate to students’ beliefs? Feucht (2010) postulates 
that these different worldviews and instructional approaches (e.g., traditional versus constructivist 
pedagogy) may relate to students’ epistemic beliefs through the epistemic messages presented in the 
classroom. Supporting this view, previous research across various domains has revealed that 
constructivist instructional approaches are positively related to constructivist beliefs among students 
(e.g., that knowledge is complex, tentative, and personally constructed), whereas traditional 
instructional approaches are related to less constructivist beliefs among students (e.g., that 
knowledge is simple, certain, and handed down by an authority) (e.g., Boscolo & Mason, 2001; 
Johnston et al., 2001; Louca, Elby, Hammer, & Kagey, 2004; Muis & Foy, 2010; Smith, Maclin, 
Houghton, & Hennessey, 2000). 
For statistics in particular, there is also some evidence to suggest that students in more 
constructivist-oriented classrooms adopt more constructivist beliefs compared to students in more 
traditional climates (e.g., Muis & Duffy, 2013). Research has also demonstrated that constructivist 
instructional practices are linked to more adaptive strategy use and motivation, like self-efficacy, 
among students compared to more traditional instructional environments (e.g., Hofer, 1999; Muis & 
Duffy, 2013; Muis & Foy, 2010). Less constructivist beliefs, on the other hand, have been linked to 
lower grades, less time spent on learning and problem solving, and negative attitudes towards 
mathematics in general (Muis, 2004, 2008; Schoenfeld, 1985).  In response to this growing body of 
literature, over the past two decades there have been several calls for shifts in classroom instruction 
toward more constructivist methods (e.g., National Research Council, 1989; NCTM, 2010). Despite 
these findings and calls for constructivist pedagogy, traditional modes of instruction continue to 
persist, particularly within mathematics- and statistics-related domains. 
Taken together, the findings from previous research suggest that epistemic climate (e.g., teacher 
beliefs and pedagogical practices), and student beliefs can intersect in meaningful ways. However, 
further work is needed to examine the nature of these relations. The research to date has largely 
employed one-point-in-time measures, rather than assessing whether students’ beliefs align over 
time with the epistemic climate (Muis & Duffy; 2013; Pintrich, 2002). Moreover, to our knowledge, 
few studies have combined quantitative data with more qualitative approaches, such as in-depth 
interviews and observations of classroom practice, particularly at higher levels of education. 
Furthermore, the nature and role of the epistemic climate is not well understood. Thus, there is a 
need to more closely examine the epistemic climate and how it may relate to students’ beliefs, 
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particularly within math-related domains such as statistics. Although previous research has explored 
relations between the instructional approach or teachers’ beliefs and students’ epistemic beliefs (e.g., 
Hofer, 2000; Muis & Duffy, 2013; Muis & Foy, 2010), the present study expands on this work by 
examining whether the epistemic climate extends to students’ domain beliefs about statistics more 
broadly, rather than beliefs that are solely epistemic in nature.  
1.2. Integrating Beliefs and Contexts 
To tie these lines of inquiry together in the present study, we draw on De Corte et al. (2002) 
framework, which serves as the foundation from which to explore multiple types of mathematics-
related beliefs. De Corte et al. (2002) proposed a theoretical framework that focuses specifically on 
mathematics-related beliefs. In their framework, they suggest that the sociocultural environment 
within which students learn determines students’ beliefs. Moreover, the ways in which individuals 
view the world and interact within that world reflect their understanding of the basic beliefs and 
fundamental knowledge shared with members of their group, including family, friends, and 
individuals working within that domain (Alexander, Shallert, & Hare, 1991). As such, learning is 
manifest in the interaction with the social and cultural contexts, as are students’ beliefs. 
In addition, De Corte et al. (2002) describe several types of mathematics-related beliefs, which 
they assume influence students’ learning and problem-solving behavior through cognitive and 
motivational processes (Kloosterman, 1996; Schoenfeld, 1985). Broadly speaking, they delineate 
three types of general mathematics-related beliefs. These include: (1) beliefs about mathematics 
education, (2) beliefs about the self in relation to mathematics, and (3) beliefs about the social 
context, i.e., the context of mathematical learning and problem solving. Beliefs about mathematics 
education include beliefs about mathematics knowledge per se (e.g., mathematics problems have 
only one correct answer – a less constructivist view), beliefs about learning and problem solving 
(e.g., mathematics is mainly rote memorization – a less constructivist view), and beliefs about 
teaching (e.g., beliefs about what makes a good teacher, such as showing step-by-step procedures to 
solve problems – a less constructivist view). 
The second category of beliefs, beliefs about the self, include more motivational beliefs, like 
achievement goals (e.g., a performance-approach goal wherein an individual strives to outperform 
others), task value beliefs (e.g., it is important to learn mathematics), control beliefs (e.g., studying 
will lead to good outcomes), and self-efficacy beliefs (e.g., confidence in being able to understand 
the most difficult material). Finally, the third category, beliefs about the social context, reflects 
beliefs about the classroom context. Importantly, mathematics educators have proposed that the 
formal mathematics education students receive has a major influence on the development of their 
beliefs about mathematics. Without excluding the importance of the general cultural environment 
and home environment, researchers have concentrated on sociomathematical norms (Yackel & 
Cobb, 1996) to account for how students develop specific beliefs about mathematics. This 
interactionist view assumes that cultural and social processes are integral to mathematical activity 
(Voigt, 1995). Taken from this view, the development of individuals’ analytic and logical processes 
cannot be separated from their participation in the interactive constitution of taken-as-shared 
mathematics meanings. Thus, individuals are believed to develop their personal understandings and 
beliefs about mathematics as they participate in negotiating classroom norms specific to 
mathematics (Yackel & Cobb, 1996). 
1.3. The Current Study 
As Muis and Foy (2010) noted, to fully explore relations between teachers’ and students’ beliefs, a 
mixed methodology needs to be employed that includes quantitative data coupled with classroom 
observations and interviews. To respond to this call, we examined two classroom contexts in this 
mixed-methods study. Specifically, we measured students’ beliefs about statistics at the beginning 
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and end of a course in two different educational contexts; namely, at the college and university 
graduate levels. We observed instructor practices and measured their beliefs about statistics 
knowledge through self-reports, interviews and observations to provide in-depth analyses of the 
classroom climates. In particular, the purpose of this study was to examine instructor practices and 
beliefs—the epistemic climate—in relation to students’ beliefs about statistics. Thus, our research 
questions are as follows: (1) What is the nature of the epistemic climate across two classroom 
contexts? (2) Do students’ beliefs about statistics become more aligned with the epistemic climate 
over time? 
Given the mixed-methods approach that we adopt here, we present only some hypotheses. 
Specifically, we predict that students’ beliefs will become more aligned with the epistemic climate 
of their classroom over time. In other words, if students espouse more constructivist beliefs within a 
more traditional environment, we expect their beliefs to shift toward a more traditional approach. 
On the other hand, if students endorse more traditional beliefs about statistics and enter a more 
constructivist classroom, we expect their beliefs will become more constructivist over time. If 
students’ beliefs match the epistemic climate of the classroom, then we expect students’ beliefs to 
remain stable over time.  In the following sections we describe the methodologies used in the 
present study.  
2. Methodology 
2.1. Participants 
2.1.1. Participant Instructors  
Sophia and Gilbert1, instructors from two different schools, volunteered to participate in this study. 
As a college instructor, Sophia taught students for a total of two years. She was 30 years old. 
Gilbert taught graduate students at a major university for a total of 7 years. He was 32 years old. 
Both instructors taught an introductory social science statistics class as part of this study. Both 
classes covered the same topics, including concepts related to descriptive statistics (e.g., measures 
of central tendency and variability) and inferential statistics (e.g., hypothesis testing, correlation, 
regression, t-test, and ANOVA). Both courses were also comparable in terms of the types of 
assessments (primarily short-answer and problem-based exams and assignments) and level of 
difficulty of course material (introductory course with no prior course requirements in statistics).  
2.1.2. Participant Students  
Fifty-nine students (N = 43 from college, and N = 16 from graduate-level university) volunteered to 
participate. All students were enrolled in a required introductory social science statistics course. Of 
the 43 college students, 11 were enrolled in social sciences with commerce, whereas the other 32 
were enrolled in the social sciences. Both groups of students were taking introductory courses in 
several fields of study (e.g., psychology, sociology, and anthropology) but the commerce students 
took additional math and business courses. The mean age of the college students was 18.05 
(SD=1.45). All of the graduate students were pursuing Masters Degrees in education (i.e., Masters 
of Arts or Masters of Education). The mean age of the graduate-level students was 29.94 (SD=6.07). 
The college-level students were enrolled in a small public institution in Canada with a highly 
competitive entrance requirement. The graduate-level students were enrolled in a large public 
institution in Canada, also with a highly competitive entrance requirement. Both classes were 
considered to be comparable introductory-level statistics courses.                                                          
1 Pseudonyms are being used to protect anonymity.  
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2.2. Materials: Students 
2.2.1. Prior Knowledge  
In consultation with Sophia and Gilbert, a 10-item multiple-choice test with five response options 
for each question was created to assess students’ prior knowledge in statistics. The test assessed 
prior knowledge relating to five statistical concepts commonly included in introductory statistics 
courses, namely central tendency, frequency distributions and graphs, statistics notation, variance, 
and measures of central tendency. A sample item is: “For the data set (100, 100, 100, 20, 120, 90) 
find the mode of the data set, identify the outlier, and then find the mode excluding outliers: (A) 110, 
120, 100; (B) 100, 100, 100; (C) 20, 100, 20; (D) 100, 20, 100; (E) 71.7, 20, 84.” To score the prior 
knowledge test, correct responses were given one point, and incorrect responses were given a zero, 
with the highest possible score of 10 points.  The mean score was 5.12 (SD = 1.94).  
2.2.2. Mathematics-Related Beliefs 
The Mathematics-Related Beliefs Questionnaire [MRBQ] (Op’t Eynde & De Corte, 2003) is a 44-
item questionnaire designed to measure students’ mathematics-related beliefs across four subscales. 
For this study, the questionnaire was adapted to refer to statistics. Specifically, the word ‘statistics’ 
was used in the questionnaire items to replace ‘mathematics’ when referring to the domain. 
Moreover, students were instructed before completing the questionnaire to respond to questions 
based on their experience in the statistics course in which they were currently enrolled. The first 
subscale consists of 16 items that assess students’ beliefs about the role and the functioning of their 
instructor (higher scores indicate beliefs of the teacher as more supportive; lower scores indicate 
beliefs of the teacher as less supportive). A sample item is, “Our teacher listens carefully when we 
ask or say something.” The second subscale consists of 13 items that measure students’ beliefs 
about the significance of and competence in statistics (higher scores indicate more constructivist 
beliefs, higher self-efficacy, and beliefs about statistics as highly valued, whereas lower scores 
indicate less constructivist beliefs, lower self-efficacy, and beliefs about statistics as less valued). A 
sample item is, “I can understand even the most difficult material presented in a statistics course”. 
The third subscale consists of 9 items that assess students’ beliefs about statistics as a social activity 
in terms of its accessibility and relevance to everyday life (higher scores indicate beliefs about 
statistics as more accessible and relevant; lower scores indicate beliefs about statistics as less 
accessible and relevant). A sample is, “Statistics is used by a lot of people in their everyday life.” 
The final subscale consists of 6 items that measure students’ beliefs about statistics as a domain of 
excellence, in terms of providing an opportunity to perform and excel (higher scores indicate more 
performance-approach goals; lower scores indicate less performance-approach goals). A sample 
items is, “By doing the best I can in statistics I want to show the teacher that I’m better than most of 
the other students”. Participants respond on a 6-point Likert scale ranging from “completely 
disagree” to “completely agree.” Raw scores were summed and averaged for each subscale.   
2.3. Materials: Instructors 
2.3.1. Beliefs about Learning and Teaching Mathematics  
The Survey Belief Statements questionnaire [SBS] (Perry, Tracey, & Howard, 1999) was used to 
measure instructors’ beliefs about mathematics. The instructors were told to respond to the 
questionnaire with a focus on the statistics course that they were teaching. The SBS is a 20-item 
questionnaire that measures instructors’ mathematics beliefs relating to three subscales: (1) the 
domain of mathematics, (2) learning mathematics, and (3) teaching mathematics. These subscales 
are further divided into student-centered versus transmission-centered beliefs. The domain of 
mathematics subscale consists of three transmission-centered items such as, “Mathematics problems 
given to students should be quickly solvable in a few steps” and three student-centered items, 
including “Mathematics is the dynamic searching for order and pattern in the learner’s environment.” 
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The mathematics learning subscale consists of two transmission-centered items, such as 
“Mathematics learning is being able to get the right answers quickly,” and six student-centered 
items, including “Mathematics learning is enhanced by activities which build upon and respect 
students’ experiences.” Finally, the mathematics teaching subscale consists of two transmission-
centered items, such as “Teachers or the textbook -not the student- are the authorities for what is 
right or wrong,” and four student-centered items, including “Teachers should provide instructional 
activities which result in problematic situations for learners.” Participants respond on a 5-point 
Likert scale ranging from “completely disagree” to “completely agree.”  The three sub-scales were 
collapsed and raw scores were summed and averaged for transmission-centered (traditional) versus 
student-centered (constructivist) items.   
2.3.2. Views of Teaching 
The Teacher Belief Vignettes were used to measure instructors’ worldviews of teaching (Schraw & 
Olafson, 2003; Olafson, Schraw, & Veldt, 2010). This measure consists of participants rating their 
degree of agreement with three short vignettes which each represent a different worldview and 
correspond to sets of beliefs about the nature of knowledge and knowing. The realist vignette assumes 
that there is an objective body of knowledge that is acquired via experts through transmission and 
reconstruction. The contextual vignette assumes that learners construct shared understanding in 
collaborative contexts in which instructors serve as facilitators. Finally, the relativist vignette assumes 
that each learner constructs a unique knowledge base that is different but equal to that of other learners 
(Olafson et al., 2010). Both relativist and contextualists can be considered to be similar to a 
constructivist approach, whereas realist views represent a more traditional perspective. Participants 
respond on a 5-point Likert scale ranging from “completely disagree” to “completely agree.” 
Dominant worldviews were determined for each instructor based on the vignette that he/she agreed 
with the most. The vignettes were not domain specific, although both teachers were statistics 
instructors, so it is likely they reflected on this domain when reading vignettes. Since domain-specific 
observations and interviews were conducted with instructors we felt it would be useful to triangulate 
this data by also measuring instructors’ broader epistemic worldviews. 
2.3.3. Interviews   
Two semi-structured interviews were used to gain deeper insight into Sophia’s and Gilbert’s 
perspectives, with a focus on their epistemic, teaching, and learning beliefs about statistics. The first 
interview was conducted at the beginning of the semester and consisted of open-ended questions 
that focused on their personal experiences about learning statistics, their attitudes toward the subject 
matter that they are teaching, and their general teaching style. Sample questions include: “Tell me 
about your experiences as a statistics student,” “Tell me about some of the teaching strategies that 
you use in class,” and “What do you hope your students will come away with from your class?” 
The second interview was conducted at the end of the semester and consisted of open-ended 
questions that focused on what they felt worked well, whether they encountered any challenges or 
difficulties, and what they would change in their future classes. Sample questions include: “When 
you look back on this semester, tell me what comes to mind. Is there anything that stands out to 
you?” “Tell me about your students. Did they meet your expectations?” “Tell me about some of the 
challenges that you faced this semester.  What would make your job easier?” Furthermore, the 
second interview acted as a follow-up to the previous interview and classroom observations. For 
example, Gilbert had the tendency of saying “this is very, very important…” or “always, always 
do…” in class, and consequently the interviewer asked the purpose of these statements. If Sophia or 
Gilbert did not offer much information, then specific pre-planned probes were used (e.g., “Would 
you elaborate on that?” “Could you say more about that?” “That’s helpful. I would appreciate a bit 
more detail.” “I am beginning to get the picture; tell me more”).  All the interviews were audio 
recorded, transcribed and coded. Each interview lasted approximately 1 hour.  
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2.3.4. Classroom Observations  
These observations were conducted to provide further insight into how Sophia’s and Gilbert’s 
beliefs about teaching and learning affected what they did in their classrooms. More specifically, 
observations were conducted to assess the epistemic climates of the classrooms and focused on their 
instructional approaches, student interactions, and the nature and content of classroom discourse. In 
particular, notes were made with regard to who asked questions, question topics, answer types, and 
whether any follow-up questions or probes were used. This observational data enabled triangulation 
with self-report and interview data to provide a means for close examination of the relationship 
between Sophia’s and Gilbert’s expressed beliefs and practices. As well, multiple sources of data 
allowed the researchers to corroborate instructors’ beliefs by comparing the various sources of 
information to check for consistencies and similarities. 
Researchers conducted six classroom observations with Gilbert and eight observations with 
Sophia. The observations ranged in length from one to two hours, included lecture and labs, and 
took place near the start, middle and end of the semester. For each observation, researchers arrived 
a few minutes before the start of class and found a place close enough to the instructor to document 
what transpired during the class. Researchers recorded observation field notes on their laptops and 
were careful to capture as many details as possible. This included documenting the time of day, 
dialogue, and other significant events, such as classroom activities, homework assignments, 
presentation slides, and chalkboard or white board notes. Observation record files were created for 
each of the instructors.  
2.4. Procedure 
Within the first two weeks of the course, students completed a general demographics questionnaire, the 
prior knowledge test, and the MRBQ. The MRBQ was completed again during the last two weeks of 
the course as the post-test. All questionnaires were completed online using a secure web-based survey 
tool that encrypts data to ensure privacy. Participants completed questionnaires online by following a 
link to the consent form and questionnaires. Sophia and Gilbert also completed their demographics 
questionnaire, the SBS, and the vignettes online during the first two weeks of the course.  
2.5. Coding 
Observation notes and instructor interview transcripts were analyzed by a group of five researchers. 
To analyze observations, coders identified segments from the notes that were determined to be 
relevant to the epistemic climate of the classroom. Specifically, coders reviewed observation notes 
for examples of events and discourse patterns (e.g., words, phrases, patterns of behaviors and 
communication) that represented either more traditional or more student-centered (i.e., 
constructivist) approaches to instruction across the following epistemic dimensions: simplicity of 
knowledge (simple versus complex), certainty of knowledge (certain versus tentative), and source 
of knowledge (external versus internal). These epistemic dimensions were selected for coding 
purposes, as they appeared to play a salient role in the classroom.2  
We categorized codes as constructivist if the events presented knowledge as tentative and 
complex and suggested that knowledge originated within the student (internal). In contrast, we 
categorized codes as traditional if the events suggested that knowledge was fixed and simple and 
suggested that the knowledge originated with the instructor (external). Coders engaged in a similar 
process for interviews, although codes included both instructors’ self-reported expressed and                                                         2 For the purpose of this study, we focused on comparing the traditional and constructivist codes; however, we 
draw on examples from the sub-categories (i.e., specific epistemic dimensions) to illustrate nuances when 
appropriate. 
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enacted beliefs about statistics. Specifically, responses to interview questions were coded using the 
following categories: instructional practices or approaches to teaching statistics, beliefs about 
statistics knowledge and learning, and constraints or challenges to teaching. Within these categories, 
we coded responses as traditional or constructivist using the same criteria as previously described 
for the observation notes. Segments were created using individual idea units (Chi, 1997). Team 
members coded observation notes and interview transcripts independently and then met to discuss 
codes and corresponding examples/quotations, as well as key patterns and thematic analyses of 
these data; discrepancies were resolved through discussion. There was 100% agreement with the 
categorization of each teacher’s instructional approach, which we consider to represent a global 
indicator of inter-rater reliability. Despite the use of predominantly theory-driven categories, we 
also heeded Creswell’s (2007) recommendation to allow additional codes to emerge from the data 
during analyses. For instance, the inclusion of the constraints category for instructor interviews was 
a response to team discussions, instructor comments, and discrepancies between instructor practices 
and their self-reported beliefs. 
2.6. Validity 
Consistent with a qualitative approach, several methods were used to establish credibility and 
dependability of the qualitative data and analyses (see Creswell, 2007). First, interviewers 
conducted observations of the classrooms and met with the instructors several times throughout the 
semester in an effort to establish rapport. During the interview, efforts were made to clarify points 
and check understanding by paraphrasing the instructors’ statements and using follow-up probes to 
improve accuracy (e.g., “If I understand correctly…” “Is there anything I am missing?” “Is there 
anything you would like to add?” “Can you tell me what you mean by that?”). We also explained to 
instructors that there were no right or wrong answers and that we were interested in understanding 
their perspective and experiences. In addition to holding team meetings to discuss and verify 
emerging themes and patterns from observational and interview data, we also collected multiple 
measures as a method of assessing the validity of our interpretations. For example, instructors’ 
ratings for the Teacher Belief Vignettes (Schraw & Olafson, 2003; Olafson et al., 2010) and Survey 
Belief Statements (Perry et al., 1999) were reviewed after analyses of the interviews to compare 
results with questionnaire responses as a method of establishing credibility through triangulation of 
data. Results demonstrated consistency between qualitative and quantitative findings with respect to 
instructor’s self-reported beliefs as described in the following sections.  
3. Results 
3.1. Preliminary Analysis  
3.1.1. Instructor Data 
We first examined the nature of Sophia’s and Gilbert’s espoused beliefs about teaching and learning 
in statistics. Based on their scores on the epistemic worldview vignettes (which measure broader 
epistemic stance), Sophia can be described as more contextualist (i.e, constructivist), as she scored 5 
on the contextualist scale compared to a 2 on the realist (traditional) scale and a 3 on the relativist 
scale. Consistent with this characterization, Sophia also scored highest on the student-centered, 
constructivist approach to teaching scale on the SBS, with a score of 4.23 compared to a score of 
1.71 on the traditional, teacher-centered scale. In contrast, Gilbert scored 4 on both the realist and 
contextualist scales, compared to a 3 on the relativist scale, but scored 3.92 on the student-centered 
constructivist scale on the vignettes compared to a 1.86 on the teacher-centered, traditional 
approach to teaching. As such, based on self-reported beliefs, we would characterize Sophia as 
more contextualist and student-centered in her approach to teaching (i.e., constructivist) compared 
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to Gilbert, who was more mixed and perhaps, compared to Sophia, more realist or (i.e., traditional) 
in his views of teaching and learning3. 
3.1.2. Student Data 
Prior to examining potential shifts in students’ espoused beliefs, we first examined subscale scores 
for normality. Kline (1998) suggested using absolute cut-off values of 3.0 for skewness and 8.0 for 
kurtosis. All subscales on the MRBQ were well within these ranges (ranging from -1.84 to .48 for 
skewness and from -1.03 to 1.27 for kurtosis). We then examined whether there were any 
differences between the two groups on prior knowledge. Results from an independent samples t-test 
revealed significant differences between the two groups, t(57) = 2.51, p = .01, wherein students 
enrolled in Sophia’s course performed better on the prior knowledge test (M = 5.49, SD = 1.93) 
compared to the students enrolled in Gilbert’s course (M = 4.13, SD = 1.63). Given these 
differences, prior knowledge was used as a covariate in subsequent analyses4. Table 1 presents 
descriptive statistics for each subscale of the MRBQ at pretest and posttest along with Cronbach’s 
alpha for reliability for both pretest and posttest. 
Table 1. Means and Standard Deviations for Each Subscale                                                              
on the MRBQ as a Function of Educational Level over Time 









Dimension       
Teacher 4.60 (.45) 4.51 (.44) .53 .65 4.61 (.39) 4.61 (.35) 
Competence 4.27 (.61) 4.24 (.67) .74 .71 4.36 (.75) 3.89 (.69) * 
Social 4.54 (.64) 4.41 (.77) .75 .72 4.47 (.69) 4.41 (.69) 
Excellence 3.79 (.82) 3.82 (.99) .57 .71 3.48 (.80) 3.55 (.92) 
Note: SD = standard deviation. * denotes statistically significant difference at p < .05. 
3.2. Relations between the Epistemic Climate and Students’ Espoused Beliefs 
To examine whether students’ beliefs shifted over time, we conducted a repeated measures 
ANCOVA with time and each of the four belief dimensions as the within subjects variables, 
classroom as the between subjects variable, and prior knowledge as the covariate, for a 2 (time) by 
4 (dimension) by 2 (group) design. Results revealed no differences between groups collapsed over 
time (no main effect of group), but a significant main effect for time, Pillais Trace = .13, F(1, 56) = 
8.40, p < .005, η2 = .13, and a significant main effect for dimension, Pillais Trace = .61, F(3, 54) = 
29.05, p < .001, η2 = .40, was found. Follow-up post hoc analyses revealed that students’ beliefs 
generally decreased from pre-test to posttest. Simple effect analyses revealed that the source of 
change from pretest to posttest was a change in Gilbert’s students’ beliefs about the significance of 
and competence in statistics, wherein their beliefs significantly decreased over time; in other words,                                                         
3 Realist is considered to reflect a more traditional stance, whereas contextualist and relativist are considered 
to represent a more constructivist approach. 
4 Given the age differences between the two groups, we also assessed whether age was a significant covariate. 
Age did not play a role in the analyses, and thus was not included in those reported here. 
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this indicates that these students espoused less constructivist beliefs, lower self-efficacy, and less 
value towards statistics at the end of the semester compared to the beginning (see Table 1). 
For differences across the subscales, post hoc analyses revealed that their beliefs about the 
instructor (M = 4.59, SD = .43) and beliefs about statistics as social (M = 4.47, SD = .70) did not 
differ (p > .05), but that these two belief scales significantly differed from students’ beliefs about 
the significance of and competence in statistics (p < .01, M = 4.20, SD = .68) and their beliefs about 
statistics as a domain of excellence (p < .01, M = 3.65, SD = .89), wherein their beliefs about the 
significance of and competence in statistics (self-efficacy, value, and constructivism) were lower 
and students were less likely to report wanting to outperform other students. In the next section, we 
describe the nature of the epistemic climate in each classroom to help interpret why Sophia’s 
students’ beliefs remained stable over time, whereas Gilbert’s students’ beliefs shifted over the 
course of the semester.  
3.3. Classroom Observations and Instructor Interviews 
Qualitative analyses were conducted to explore the nature of the classroom epistemic climate based 
on instructors’ practices and beliefs. Specifically, we examined Sophia’s and Gilbert’s beliefs about 
teaching and learning in statistics and how these beliefs related to their instructional practice. 
Although their self-reported beliefs about statistics were more constructivist in nature, qualitative 
analyses revealed that Sophia was more mixed in her approach to teaching, whereas Gilbert 
typically engaged in a more traditional instructional approach. In the following sections, we 
elaborate these findings by describing results from observational data (discourse, activities, and 
interactions), as well as key themes from the instructor interviews5.  
3.3.1. Gilbert’s Class 
Classroom Observations. Overall, analyses of the observation data revealed that Gilbert demonstrated 
a more traditional approach toward teaching statistics (examples of instructor discourse and practices 
are illustrated in Table 2) compared to Sophia (discussed below), and often made statements or 
engaged students in activities that might foster less constructivist beliefs about knowledge and 
knowing (e.g., that knowledge is certain, simple, and handed down by authority). For example, 
analyses of field notes revealed that Gilbert appeared to serve as the primary source of knowledge, as 
he expressed definitive answers to students’ questions and frequently told students whether their 
answers to his questions were right or wrong. In many cases, students were prompted to respond to 
questions that Gilbert posed, who would then indicate whether or not the answer was correct with 
responses such as: “Yes, you are right” and “No, you cannot say that.” Even without these prompts, 
students frequently verified with Gilbert whether their understanding of a concept was correct. 
Furthermore, Gilbert often reinforced a point by emphasizing the unchanging or fixed nature of 
knowledge in the field, as the following quotation from Gilbert illustrates: “…always, always, always 
the df [degrees of freedom] of a numerator is smaller than the df of the denominator.” In another 
instance, Gilbert stated: “always the fail to rejection area is related to the null” and repeated this 
statement several times while adding, “remember.” In another instance, when a student asked Gilbert to 
clarify a point, Gilbert instead invited another student to respond, but then followed this by confirming 
whether the explanation was correct. In these examples, the authority for knowledge verification rested 
with Gilbert. Similar to these traditional instructional practices, the answers in slides were often written 
in bold, which conveyed that there was only one correct answer. Overall, these practices demonstrated 
a more traditional rather than constructivist approach to teaching and learning statistics.                                                         
5 Analyses of interviews and observations indicated that beliefs and pedagogical approaches were generally 
stable over time, although we note exceptions when applicable (e.g., change in response to student reactions 
or plans to change practices in the future). 
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Despite the predominant tendency to adopt a traditional approach to teaching, there were notable 
instances where Gilbert employed more constructivist practices. For instance, to start one class Gilbert 
used a concept map, which represented a more constructivist approach as it prompted students to draw 
on topics previously covered in the course and allowed them to explore the integration of concepts 
based on their own knowledge and experience. Links to prior knowledge were also made throughout 
the lecture, as the following quotation from Gilbert demonstrates: “it [t-test] is very similar to z-test. 
Do you remember z-test?" These types of practices suggest that knowledge is complex and consists of 
integrated ideas rather than isolated facts. Although the question-response discourse between Gilbert 
and his students typically represented a traditional exchange between expert and pupil, there were 
some instances in which Gilbert acknowledged that the most appropriate course of action or 
interpretation could change “…depending what your research question is.” In this way, Gilbert 
acknowledged that the best decision is tentative and depends on the context. Finally, at one point 
during the course, Gilbert asked his students to exchange explanations with one another instead of 
with him. This method of co-creating knowledge among students suggests the source of knowledge 
did not rest exclusively with Gilbert. Yet, these types of activities were noted far less frequently in 
classroom observations compared to more traditional lecture approaches.  
Table 2. Graduate Instructor Observation Codes and Classroom Practices 
Traditional Constructivist 
Code Example Code Example 
Simple Instructor: “Step one… step two…” 
Instructor: “remember” 
 
Complex Instructor begins by showing a concept 
map. Connects concepts with concept map.  
Instructor refers back to the topics 
previously covered.  
Certain Answer to the example shown in bold 
on the presentation slide 
Instructor provides answers and 
confirms those answers throughout.  
Instructor demonstrates distributions 
on the board 
Instructor: "always, always, always 
the df of a nominator is smaller than 
the df of the denominator.” 
Instructor: “always the fail to 
rejection area is related to the null” 
Tentative Student comments: "otherwise, it is 
meaningless." Instructor responds: "No [no, 
you can't say that], depending what your 
research question is".  




Source Instructor demonstrates on the board.  
Students ask questions and instructor 
provides answers.  
Instructor affirms students’ answers 
Instructor: “Yes, you are right.”  
Instructor: “No, no you cannot say 
that.” 
Instructor: "Important, very, very 
important, take a note" 
Internal 
Source Instructor invites answers from students.  
Students check answers with each other. 
A student asks: "do you mean the smallest 
value of F is one… why the sampling 
distribution starts from zero?" 
Instructor (to student): "that's a good 
question”.  
A student offers an example to explain what 
the instructor said. 
Instructor responds: "that's a good example" 
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Table 3. Graduate Instructor Interview Responses and Codes 
Traditional Constructivist 




… For that reason I prefer more to not 
work on that kind of, how can I say 
that, like social oriented activities. 
Basically I think that in this semester 
they prefer more interaction between 





To be sensitive to their concerns, 
expectations, and the way in which you 
align your expectations with their 
expectations so it’s going to be a 
success for everybody. 
Well I think that the more interactive 
the class the better. And I have found 
that when they have the chance of 
working together, that’s very important. 
So these kinds of simulators are really 









The content of their questions made me 
think that they were really understanding 
the concepts. 
I think stats, it’s something, it’s more 
something you need to integrate into 
your world […] into your daily life. 
…way of thinking 
it’s more important to apply the concepts 
[thinking about changes to make in the 
future]. 
That stats, it’s something you can use, 
it’s a tool that researchers usually use 
in order to support their assumptions. 
That stats, for me, that’s my personal 
opinion, it’s kind of like a language. 
A logic to understand the reality. 
Barriers and 
Constraints 
Because they felt that, okay, it’s kind of mathematics, it’s memory, it kind of boring, I’m not good at 
math, so it’s going to be a long term [students’ negative attitudes and preconceptions about math]. 
People think that they need to be super mathematicians in order to succeed in the class. 
Sometimes they think that because they are, because they didn’t do well in math, so they aren’t going 
to do well in this statistics. 
The other thing that I think, that I consider was challenging, was how to cover all the topics. You 
know? Sometimes I felt that, hmm, we ran out of time, when teaching some techniques. Sometimes 
you need to go faster 
People think that stats is a course, or it’s something that happens in your schedule and it’s like a 
compartment you know… 
Well I think that something that I have to re-evaluate is the evaluation system. 
The majority of them were concerned all the time about exams, you know? That’s all the reason why 
exams should be, not removed, but given a different priority within the evaluation scheme. Because 
they were all the time taking notes and saying ‘well I don’t understand that, could you rephrase that?’ 
‘Is this important is this going to be in the exam?’ 
And I’d have to say, that sometimes I have to struggle with some beliefs, preconceptions of the 
students and my own preconceptions and my own beliefs on stats. 
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Instructor Interviews. Analyses of the initial interview revealed that Gilbert adopted a more 
constructivist view towards statistics knowledge (excerpts of Gilbert’s interview responses are 
illustrated in Table 3). He considered statistics to be “a language”, “a way of thinking”, and a “logic 
to understand reality” rather than a “fixed, simple calculation.” Based on his experiences as a 
student and instructor, he expressed the importance of delivering a higher-order message about 
statistics to the students. Specifically, he felt that a good statistics instructor should be passionate 
about statistics and provide opportunities for “hands-on way[s] of learning stats.” Following this 
line of thinking, Gilbert also emphasized the importance of interpretation and application in 
learning statistics knowledge. 
In the second interview, conducted at the end of the semester, Gilbert described the major 
challenges he faced during the semester; namely, the negative attitudes and perceptions that 
students held about statistics upon entering the class. As Gilbert described: “because they felt that, 
okay it’s memory, it’s kind of boring, I’m not good at math, so it’s going to be a long term.” He 
noted that students believed that success in statistics was linked to ability in mathematics: “people 
think they need to be super mathematicians in order to succeed in the class.” 
Gilbert also reflected on his experience with the course and expressed satisfaction in students’ 
conceptual change. When discussing this, Gilbert conveyed a constructivist message about the 
purpose of the class: “I think in the end they [the students] understand that the class was not about 
memory or it was not about calculation but it was more about concepts and how to apply these 
concepts in their real lives…” Gilbert noted, however, the challenge of time constraints when 
covering course material, as well as the challenge of selecting appropriate assessment methods. In 
this regard, he noted that in the future he would prefer to place more weight on assignments than 
tests and quizzes given that the assignments provided a better assessment of “real world application 
of stats.” Another challenge was the pressure to teach to the test, as the students appeared concerned 
about what they needed to know for the exams. Interestingly, Gilbert noted that group interactions 
did not occur as frequently in the course because, according to students’ mid-term feedback, they 
did not see the value. Gilbert speculated that this may be due to their concerns about assessment: 
“…the majority of them were concerned all the time about exams… ‘is this important? Is this going 
to be in the exam?” As such, the students presented an obstacle in terms of their past experiences 
with mathematics instruction as did more traditional assessment methods. That is, they had come to 
expect a more traditional classroom and voiced concerns over any departures from the material that 
was going to be on the test. As well, Gilbert felt that students preferred student-teacher interaction 
(a more traditional approach) rather than student-student interaction, which is consistent with the 
discourse patterns observed in class.   
3.3.2. Sophia’s Class 
Classroom Observations. Overall, analyses of the observation data revealed that Sophia 
demonstrated a mix between constructivist and traditional practices in the classroom (examples of 
instructor discourse and practices are illustrated in Table 4). Messages and classroom practices 
would indicate that she was the source of knowledge, yet at other times students were encouraged to 
construct their own knowledge of statistics. For example, when Sophia served as the source of 
knowledge, she would relay to students that she was responsible for verifying whether an answer or 
interpretation was correct. As Sophia walked around the class, she would state: “if you have the 
answer put your hand up” and would check whether students arrived at the correct solution. 
Afterward, Sophia would show the class the correct answer with a set of steps taken to solve the 
problem: “I put the answers here, you can just double check to see if you’re off somewhere.” 
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Table 4. College Instructor Observation Codes and Classroom Practices 
Traditional Constructivist 
Code Example Code Example 
Simple Instructor: “interpretation is just a few words. For 
example: most people have high trust.” [paraphrased]  
Instructor: “Always remember: high, high or low, low” 
(for positive correlation) 
Instructor: “Two really important things you need to know 
with the Pearson correlation coefficient, if you calculate it 
and it’s larger than 1 you’ve down something wrong.” 
Instructor walks through the “steps” to calculate correlation.  
Instructor comments that she would not get full value 
for the hypothesis on slide and asks the class why that 
is. Student answers: the variables. Instructor replies: 
“yes, because I didn’t include the variables so I would 
lose a point.” 
Instructor: “are you doing it step-by-step?” 
Instructor reminds the class about how to look for 
“hints or little tricks.”  
Complex Instructor: “The last little bit we’re going to learn is just 
an extension of what we’ve learned already.”  
Instructor asks what it would look like presented 
another way, connects current topic to skewness—a 
concept presented previously. 
Instructor: “Ah: that’s a very complex relationship. I’m 
not sure if it’s perfect.” 
 Instructor reminds class they are revisiting concepts 
they’ve learned about before 
Instructor relates regression to correlation and describes 
how it is different. 
Student: “so we have 4 different hypotheses?” 
Instructor: “yes - pick 4 relationships [...] the relationship 
will determine the analysis.” 
Certain Instructor says: “So you have all of the components that 
you can take to plug into the formula.” 
 
Tentative Instructor provides an example of poverty and 
politicians, explaining what different interpretations 
there are when different types people present either the 
median, mean, and mode for the same data set. 
Instructor: “if you were this person, what would you 
present? If you were this other person, what would you 
present? What would you present, what’s the best 
answer here? median distorts the truth. Each 
value/statistic brings something, not presented by itself.” 
Instructor: It’s a description of the human bias inherent 
in statistics; one statistic can show a decline in poverty, 
whereas the other one doesn’t -- which to choose 
depends on the person’s motives. It shows the 
subjective nature of statistics.  
Instructor: “this is important because I’m going to ask 
you when to use mean vs. median.”  
External 
Source 
Instructor says: “I put the answers here; you can just 
double check to see if you’re off somewhere.” 
Instructor: “this is your problem; this is where you went 
wrong.” 
Instructor: “No I’ll just tell you guys.” 
Internal 
Source 
Instructor: “don’t copy in text, follow the logic.” 
[paraphrased] 
Instructor: “There’s no point copying, you need to know!” 
Instructor emphasizes interpretations (tells students that 
they will not get full value for just writing ‘a relationship 
between x and y, they need to include the variable 
names, need to be able to interpret, to get full value.’ 
Instructor: “Normally I tell students what to do, but this 
time you get to choose what to do, not follow the rigid 
4 step model. So you’re going to be like a researcher 
trying to figure out what to do. It’s going to be more 
challenging.”  
Instructor: “I’m not going to tell you what to do 
anymore, you’re going to have some freedom.”  
Instructor: “Again you shouldn’t have to look at this 
interpretation [instructor’s], you should be able to 
figure it out at this point.” 
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When explaining how to solve the various types of problems, Sophia would present a procedural 
step-by-step method of how to arrive at the same solution, stating: “guys listen up, the way I like to 
organize it…” Sophia would refer to this procedure when circulating the room to assist students: 
“are you doing it step by step?” Even when emphasizing the importance of interpreting a statistical 
value, Sophia would often demonstrate how students should phrase a particular interpretation or 
otherwise present their calculations and answers on her presentation slide. Alternatively, if the 
students were invited to offer an interpretation (e.g., “see if you can try and interpret the slope”), 
Sophia would confirm whether or not it was acceptable (e.g., “perfect”) and then repeat the phrasing 
of the interpretation to the class. These types of discourse patterns and procedural presentations of 
statistics communicate the message that there is one path to solving a problem and one acceptable 
answer, which is verified by the expert. 
In contrast to these more traditional methods, Sophia also presented statistics knowledge by 
drawing on more constructivist practices. Sophia often emphasized the importance of interpretation 
and related concepts in the class to real world situations. In these instances, she would invite 
students to share ideas and consistently encouraged them to provide their own examples. For 
example, when describing the concept of correlation, Sophia first asked her students to think of 
examples of two variables that would relate to one another in everyday life. In some instances, 
Sophia also acknowledged the complex and tentative nature of knowledge in the field as the 
following quotations illustrate: “we’ll just leave that open-ended for now” and later, “that’s a 
complex relationship, I’m not sure if it’s perfect.” When asked by a student why they were expected 
to conduct calculations by hand rather than relying on the computer program, Sophia responded: 
“because if you just use that, you won’t internalize it.” This type of response suggests that Sophia 
felt there was something important to learn beyond a computer-automated process. Additionally, at 
several times during the class, Sophia made clear links between new topics to prior knowledge, 
“remember [it’s] just like hypothesis testing.” She also encouraged students to exchange questions 
and solutions with other students while working on class problem-solving activities. 
Instructor Interviews. Analyses of the initial interview with Sophia revealed that she held both 
constructivist and traditional beliefs about statistics (excerpts of Sophia’s interview responses are 
illustrated in Table 5). In terms of a constructive perspective, Sophia felt that statistics involved 
“application” and was used to “…understand something about the social world.” As she explained: 
“statistics is not just a number but an interpretation of what this number means.” Sophia explained 
that she applied this perspective in the classroom by assigning authentic activities to help students 
develop skills that would be valued in the real-world: “I make them do things like re-coding and a 
lot of interpretation because if you’re going to work in the field, these are the things that you need 
to know.” Following this approach, Sophia brought in “real data” to help students build connections 
with the world around them: “I try and make it exciting and interesting for them…” During this 
interview, she conveyed her enthusiasm toward statistics, which she developed from her personal 
educational and work experiences: “for me, you know I was really lucky because I actually wanted 
to teach stats.” Sophia’s responses suggested that she wanted students to learn the material on a 
deeper level: “I don’t want them to just regurgitate the information.” She also noted that she 
encouraged students to work together and take “onus” for their learning rather than relying 
exclusively on her: “I want them to think, ‘well maybe someone apart from [the instructor] can 
help.’” 
More traditional perspectives on teaching and learning statistics were also demonstrated in the 
interview. Specifically, although Sophia emphasized the importance of interpretation, when asked 
how students learned this, she responded “through me” and noted that when practicing 
interpretations, students would ask: “what exactly do you want us to write?” She continued to 
explain how interpretations were taught in class: “I repeat it over and over and plus whenever I have 
any [presentation slides], I always write the interpretation… and sometimes I’m like: ‘write it down, 
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write down word for word.’” Sophia also spoke about prompting students to use rehearsal strategies 
during problem-solving as the following quote illustrates: “try to work it out and if you don’t get to 
the right answer, cross it out, do it again.” Although Sophia continually emphasized the advantages 
of this procedural technique (e.g., “often times the best way to learn something is to write it over 
and over again or say it over and over again”), there is some indication that she believed that this 
process involved deeper learning when recalling her personal experience learning statistics: “I 
would do it until the formula was memorized and not just for the sake of memorizing it but just 
you’ve done so much that you understand it.” However, it was not clear how these memorization 
strategies translated into deeper level understanding or whether this message was communicated to 
students.  
Table 5. College Instructor Interview Responses and Codes 
Traditional Constructivist 




The correct answer is given at the back of the 
textbook so I told them ‘try to work it out and if 
you don’t get to the right answer, cross it out, 
do it again.’ 
I made them write definitions for like 15 
concepts; I made them do questions from every 
single chapter.  
… But again, is this just because I say it so 
often that it’s kind of like ingrained?  
I repeat it over and over and plus whenever I 
have any Power Points[TM], I always write the 
interpretation. So they have it written. Plus I 
interpret it and plus we interpret it in class and 
sometimes I’m like: “write it down, write down 
word for word.” And again, often times the best 
way to learn something is to write it over and 
over again or say it over and over again. 
So sometimes they’re a little bit unsure and I 
think because I’m so picky about interpretation 
often times, they make me repeat myself, 
they’re like: “well what exactly do you want us 
to write?” Because they know that I take points 
off for everything.  
Students copied notes from slideshow 
presentations word-for-word and didn’t seem to 
know how to identify the most important points 
or when to elaborate on key concepts…they’re 
re-writing the same thing over and over. They 
don’t take a critical distance in terms of what’s 
important information and what’s not.  
You have to teach all the foundations, you don’t 
have time to on top of that to spend weeks 
trying to give them complex problems and you 




I also make them do more stuff than the 
other teachers. I make them do things like re-
coding and a lot of interpretation because if 
you’re going to work in the field, these are 
the things that you know. 
The interpretation is always worth more and 
the reason is… when you’re working for any 
agency, when you’re working as a research 
assistant, you’re not doing stuff by hand. 
So I go conceptual, then I try and explain the 
different statistics, then we go through the 
formulas together with the interpretation. 
I use real data… so that they see that, you 
know, this is data that researchers use, that 
politicians use, that organizations use, and 
that we use it to try to understand something, 
we use it to affect social change, to bring 
about policy, to bring on new programs, etc. 
We use it for something. 
I try and really make them understand that 
it’s part of a much larger social science 
discipline, so I think they understand that.   
(To be continued on the next page) 
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But for me, statistics, you just do it. You do it 
and you do it and you do it. That’s it. So the 
more time I make them do it, hopefully the 
easier for them it will be. You know? And then 
when I start the lecture the following [class], I 
revise what was done.  So I’m like: “don’t 
forget guys, we did this, we did this, and we did 
this, now that you know this, we’re moving on 
here.” It’s just about repetition. Repetition, 
repetition, repetition. It’s the only way that you 
learn this stuff.  






Well for me, social statistics is not just a 
number but an interpretation of what this 
number means. 
You can learn something about the social 
world with statistics. It’s not the only truth 
right… but it’s one way of getting at 
understanding… I’m trying to make them 
understand it that you can learn something 
about the social world with the use of 
statistics. 
I told them, you have to ask 2 other people 
first before you ask me. Because you know, 
there are people around that know. So figure 
it out together. Brain-storm… I want them to 
think; well maybe someone apart from me 
[the instructor] can help. 
Barriers and 
Constraints 
I think what took me back was the level of discipline and I think that’s the most frustrating part of teaching. The 
fact that you have to discipline and teach people to learn. 
…We spend more time talking about discipline than we do about the subject matter.  
we all have to give 3 exams, we all have to give between  6 and 9 assignments, we all have to give 2 lab reports. 
So essentially, we all have to give the same assignments, same number of stuff but the content we put in it is 
ours and how we teach is ours and how we choose to present is ours. 
…I can’t stand the textbook that we are using but I am forced to use it. 
… it’s them compared to everyone else, so it kind of puts pressure as well on the teacher because you don’t 
want to be too high above the average or too low above the average. You don’t want your standard deviation to 
be too high because that means some students are doing incredible and some are doing horrible. Anyway I think 
about these things. In terms of: how am I comparing compared to the rest of the teachers. 
We don’t go back. Cover something, move on, cover something move on. So there is a whole bunch of stuff 
here that I’m like yeah maybe they need clarification on something, but we’ve already covered two chapters 
since the exam was graded.  
This is the nature of the educational system. You clearly outline you want this, this, that. As long as they’re able 
to follow instructions, they’ve met the criteria. There’s not a lot of critical thinking. There’s not a lot of: ‘well 
I’m just an independent person and I’m going to go and do what I think is right and I’m going to negotiate the 
challenges.’ So again, everything is very structured. And I think until they come to a point where they have to 
do independent research that allows them to use the things that they’ve learned in these different courses, we 
will not know how much of that material is internalized. 
During the follow-up interview, Sophia reflected on her experience with the course and 
commented on several challenges to teaching statistics. Most notably, the key themes that emerged 
from the responses included time constraints (e.g., insufficient time to delve deeper into concepts or 
revisit material); class management issues (e.g., disruptive talking or distracting behavior from 
students that directed attention away from course-relevant material); and administrative regulations 
(e.g., fixed assessment methods and course outlines). These types of challenges may have played a 
role in limiting constructivist practices within the classroom, which we discuss in more depth below. 
In the following section, we summarize our analysis of Gilbert’s and Sophia’s practices. 
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3.4. Summary of Instructional Practices 
In both classes, Sophia and Gilbert encouraged students to share examples, answers, and questions. 
They also monitored students’ understanding throughout the class, were attentive toward students’ 
emotions (i.e., anxieties about learning statistics), misconceptions, and apprehensions, and made a 
concerted effort to link new concepts with prior knowledge. Importantly, Sophia and Gilbert also 
conveyed an enthusiasm toward the field of statistics and its application to real world problems. In 
these ways, Sophia and Gilbert encouraged students to become active participants in the learning 
process and to consider the relevance of statistics for understanding the world around them. 
However, the classroom practices fell short of fostering a predominantly constructivist environment 
given that more traditional practices were used for knowledge verification and problem solving. 
Specifically, the source of knowledge often appeared to reside within Sophia and Gilbert, who 
confirmed whether or not a response was correct. 
In addition, both instructors often presented knowledge in an absolute manner through words 
such as: “remember,” “never,” and “always.” Moreover, the problem-solving aspects of statistics 
were typically presented in a procedural manner and involved one correct solution, which they 
arrived at through a step-by-step procedure. Despite endorsing more constructivist beliefs about the 
field of statistics, such as the value of interpretation and real-world application, Sophia’s and 
Gilbert’s constructivist views did not translate into instructional practices across the spectrum of 
approaches within which they engaged. In the following discussion section, we discuss possible 
reasons for these discrepancies, as well as the relations between the epistemic climate and students’ 
beliefs. We close with a discussion of theoretical considerations and recommendations for practice. 
4. Discussion 
The purpose of this study was to assess the epistemic climate of two classes, and examine whether 
students’ beliefs about statistics shifted as a function of the epistemic climate. Consistent with 
previous research (e.g., Muis, 2004), results from quantitative analyses revealed that students in 
both classes reflected beliefs about statistics that were just slightly above the neutral position on the 
Likert scale (around a score of 3.5 to 4.5 out of 6 across subscales). Based on these scores, we infer 
that students espoused slightly constructivist beliefs about statistics, as well as a slightly positive 
valuing of statistics, moderate levels of self-efficacy, moderate performance-approach goals, and 
beliefs about teachers as having supportive roles for teaching statistics. 
Interestingly, despite the similarity between groups with regard to their espoused beliefs, the 
epistemic climates differed somewhat. Specifically, despite his mixed espoused views about 
teaching and learning (being both traditional and constructivist), we interpreted Gilbert’s 
pedagogical approach to be more traditional and teacher-centered compared to Sophia’s, which was 
more of a mix between traditional (teacher-centered) and constructivist (student-centered). We 
further interpreted Sophia’s mixed approach as being somewhat in contrast to her own espoused 
beliefs (primarily constructivist), but perhaps in line with her students’ beliefs; wherein some 
messages and approaches were more constructivist, others were more traditional. It may be the case 
that students in Sophia’s classroom did not shift their beliefs given the consistency between their 
beliefs and the epistemic climate. For example, if students initially espoused more constructivist 
beliefs and relatively high self-efficacy and were also able to adapt to the constructivist classroom 
practices as they occurred throughout the course, then we would not expect to see significant 
change in these beliefs about statistics. 
In contrast to Sophia’s approach to teaching statistics, Gilbert’s approach was more traditional in 
certain respects. In particular, messages and instructional approaches in his classroom were 
reflective of beliefs that the teacher is the source of knowledge and that knowledge is certain and 
not likely to change over time. Although students in his classroom, like Sophia’s class, espoused 
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slightly constructivist beliefs, self-efficacy, and valuing of statistics at the beginning of the semester, 
unlike the students in Sophia’s class, students’ beliefs (in these aspects) in Gilbert’s class 
significantly decreased by the end of the semester. It may be the case that this shift was related to 
the epistemic climate in Gilbert’s classroom. These results are important to consider, particularly 
given that both Sophia and Gilbert espoused more constructivist beliefs about teaching and learning. 
It is likely that there were factors that impeded their attempts to employ more constructivist 
approaches, which they delineated in their interview. We describe these next.  
4.1. Challenges in Engaging in Constructivist Approaches 
From our analysis of the interviews with Gilbert and Sophia, the main challenge appeared to be 
employing constructivist practices for problem solving (e.g., calculating a t-test) and explanations. 
In light of the finding that students’ beliefs did not shift from the beginning to the end of the 
semester in Sophia’s class, it is possible that the more traditional aspects of her classroom practices 
may have limited the extent to which students’ beliefs about statistics shifted. In other words, it may 
be the case that the environment itself did not provide a sufficient catalyst for change in students’ 
beliefs about statistics. It may also be the case that beliefs are deeply rooted and difficult to change 
(Muis & Duffy, 2013). 
Furthermore, students’ beliefs did not significantly differ at different levels of education. This is 
interesting given that Sophia felt that higher-level conceptual understanding and application would 
occur later in students’ education. As a result, Sophia focused on the “foundations” and felt that 
students would master application if they pursued further study in this field as the following quote 
illustrates: “…you don’t have time to on top of that to spend weeks trying to give them complex 
problems and you figure it out. It should come later on. So you teach them the foundation, teach 
them the textbook, teach them to use the textbook and to recognize that when they go on in later 
courses, they are going to have to try to do work to try to figure out what they need.” As the results 
from our study suggest, students do not necessarily develop more constructivist beliefs at higher 
levels of education—perhaps because they are not equipped with the skills or experiences needed to 
think about statistics in this way in their earlier classes or that courses at the graduate level represent 
an initial introduction to statistics. As Sophia suggested, students may have different experiences 
and hold more complex views about statistics as they move beyond introductory courses into more 
advanced statistics classes. This change may only be evident after multiple courses; whereas in the 
current study both classes were considered introductory. 
In contrast to Sophia’s approach, Gilbert appeared to rely on traditional approaches to a greater 
extent. As noted in his interview, it could very well be that students are simply reluctant to shift 
their beliefs and expect teachers to teach in traditional ways. Given that these students’ experiences 
in mathematics classroom have likely been predominantly traditional (Muis, 2004), they may have 
been less receptive or equipped to adapt to deviations from what they expected based on prior 
academic experiences. It may also be the case that the anxiety students experience at this level of 
education limits the approaches that a teacher might take to teach statistics. Specifically, step-by-
step instruction may help to reduce the anxiety that students experience. If asked to develop their 
own understanding of statistics, or attempt problems using various methodologies, students’ level of 
anxiety may become too overwhelming for them and limit their ability to learn the content. For 
example, Gilbert spoke about his decision to reduce group problem-solving activities based on 
students’ negative reactions. He also spoke about students’ concerns about failure, which, as he 
explained, was linked to their previous experiences in math courses. Similarly, the teachers too may 
feel considerable anxiety when faced with the prospect of teaching students to solve problems 
without step-by-step direction.  As such, more traditional approaches may be adopted to provide a 
scaffold for students and teachers to alleviate this anxiety. In this way, student beliefs (less 
constructivist), motivations (self-efficacy), emotions (anxiety), goals (performance-approach) and 
instructional preferences (traditional) may also contribute to the epistemic climate through their 
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engagement level, feedback, and apprehensions, which in turn, may have influenced the course of 
belief change. For example, it may be the case that although students initially held beliefs about 
statistics that were more constructivist, self-efficacious, and highly valued, these beliefs diminished 
if they struggled to adapt to constructivism in practice or if the course material became too 
challenging. As such, the instructor’s change in pedagogical approach can be viewed as responsive 
and potentially beneficial for this specific class. Generally speaking, the instructor may have been 
inclined to enact more constructivist practices, but for this particular group of students, the 
instructor may have opted for more traditional practices given the unique qualities and concerns of 
the students. 
Beyond instructor practices and students factors, there are other differences in course structure 
that may have contributed to epistemic climate; most notably, the nature of assessments and 
assignments.  For example, in terms of assessment, in Sophia’s class, assignments carried a greater 
weight than exams towards the final grade, whereas in Gilbert’s class, exams carried a greater 
weight than assignments. As Gilbert noted, in the future, he planned to give more weight to 
assignments given students’ performance anxiety about exams. The nature of assignments may also 
have been related to students’ beliefs about statistics. For example, students in Sophia’s course were 
required to complete a final assignment that involved generating research questions of personal 
interest and collecting their own data for analyses, whereas this type of inquiry-based assignment 
was not implemented in Gilbert’s course. In addition, Sophia noted that 30-45 minutes were 
reserved at the end of each class to allow students to work on assignments with her guidance. Taken 
together, these differences in assessment and assignments may have contributed to differences in 
epistemic climate beyond classroom practices. 
4.2. Theoretical Implications 
From a theoretical standpoint, these results have important implications for frameworks that 
describe how students’ beliefs develop and shift over time. In particular, as Muis, Bendixen, and 
Haerle (2006) described, individuals’ beliefs are complex and socially constructed; that is, 
individuals actively construct or make meaning of their experiences, and development of beliefs 
occurs as a function of one’s interactions with the social world (Baxter Magolda, 2004; Belenky, 
Clinchy, Goldberger, & Tarule, 1986; Bendixen & Rule, 2004; Hofer & Pintrich, 1997). Within this 
broader context, the development of beliefs begins at birth and continues to develop until the end of 
life. The commencement of education initiates the development of more specific beliefs about the 
academic context, which are also socially constructed and context bound. The academic context is 
also situated within the socio-cultural context, both of which are reciprocally influential. 
Importantly, Muis et al. propose that domain-specific beliefs, like beliefs about statistics, are 
derived primarily from the instructional context. 
Similar to this perspective on the development of beliefs, mathematics educators also agree that 
the formal mathematics education students receive has a major influence on their beliefs about 
mathematics. For example, interactionist perspectives assume that culture and social processes are 
integral to mathematics activity. As Bauersfeld (1993) noted:  
Participating in the process of a mathematics classroom is participating in a 
culture of using mathematics, or better: a culture of mathematizing as a practice. 
The many skills, which an observer can identify and will take as the main 
performance of the culture, form the procedural surface only. These are the bricks 
for the building, but the design for the house for mathematizing is processed on 
another level. As it is with cultures, the core of what is learned through 
participation is when to do what and how to do it. (p. 4) 
Taken from this view, the development of individuals’ analytic and logical processes cannot be 
separated from their participation in the interactive constitution of taken-as-shared mathematics 
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meanings. Thus, individuals are believed to develop their personal understandings and beliefs about 
mathematics as they participate in negotiating classroom norms specific to mathematics (Yackel & 
Cobb, 1996). 
Results from our study support these views with regard to how beliefs may develop over time. In 
particular, the classroom epistemic climate in Sophia’s class was inferred to be more mixed with 
regard to both traditional, teacher-centered approaches to teaching coupled with more constructivist, 
student-centered approaches. Given that students’ beliefs were also mixed, we view this consistency 
between students’ beliefs and the epistemic climate as one that would support students’ currently 
espoused beliefs. To the contrary, Gilbert’s students’ beliefs were not consistent with the epistemic 
climate of their classroom. Rather, students initially espoused more constructivist beliefs and shifted 
toward more traditional views by the end of the semester—perhaps in part due to the more 
traditional instructional techniques that were used. Consistent with Muis et al.’s (2016) framework, 
these patterns of relations between the epistemic climate and beliefs suggest that the instructional 
approach (a facet of the educational environment) plays an important role. These findings suggest 
that the degree of alignment between beliefs and instructional approach may provide an impetus for 
stability and change. To advance work in this area, theories should account for alignment between 
students existing beliefs and instructional approaches, as well as explore how the instructional 
approach using multiple data channels (e.g., self-report, observations, interviews) as our findings 
suggest that there may be subtle, yet important, divergences across these facets. Interestingly, our 
results suggest that a boundary for constructivist belief development may be reached when both 
students and the instructional approach are aligned, as appeared to be the case for Sophia’s class. To 
foster continued belief development, it may require a more thorough integration of constructivist 
practices along multiple facets of the environment. Given that research has found more positive 
motivational and learning outcomes when more constructivist approaches are used (Muis, 2004; 
Muis & Duffy, 2013), it is worthwhile to consider how instructors might approach teaching to 
further foster constructivist beliefs. We present some pedagogical recommendations next by taking 
into consideration the data collected from this study (e.g., observations, instructor interviews) and 
recent empirical work describing interventions that aim to promote more constructivist beliefs. 
4.3. Recommendations for Practice 
There are several ways that instructors could engage in more constructivist practices within 
statistics classrooms. The findings from our research offer some insights; however, we also provide 
suggestions for additional constructivist instructional approaches that could be used to complement 
the practices we observed in this study based on Muis and Duffy’s (2013) findings from recent 
work in this area. To begin, although both instructors in this study emphasized the importance of 
interpretation and application for statistics, they did not discuss alternate methods, solutions, or 
interpretations with the students. One approach may be to present students with a problem and 
evaluate whether different approaches could be used to solve the problem. Instructors could also 
present groups of students with a problem that leads to different solutions depending on the analytic 
approach employed. By discussing the different approaches and possible interpretations with the 
class, these types of activities may highlight that statistics knowledge is tentative, rather than fixed, 
and that knowledge is created based on the justification for the methods they select and the 
interpretations they form (Muis & Duffy, 2013). 
Moreover, throughout the course, instructors could discuss unresolved issues and debates about 
the use of statistical approaches in the field. These types of practices may help to illustrate to 
students that although there are aspects of statistics that are accepted as true, knowledge in the field 
continues to evolve and new methods continue to be generated (Muis & Duffy, 2013). To promote 
constructivism in the classroom, instructors could also directly explain why students should not rely 
solely on textbooks or instructors for verification of the correct answer. Instructors could encourage 
students to justify a solution based on the information used to solve the problem. This could involve 
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a class exercise in which students are asked to justify their solutions by providing evidence to 
support their approach. These types of practices may promote constructivism by encouraging 
students to justify knowledge through individual opinion and personal experience (Muis & Duffy, 
2013). 
Despite the potential advantages of these constructivist techniques, we acknowledge that 
fostering more constructivist beliefs is not simply a matter of prescribing specific instructional 
practices. On the contrary, the findings from this research suggest that it is also important to 
acknowledge the potential interaction between students’ emotions and prior learning experiences 
when interpreting the effectiveness of constructivist practices. For instance, the novelty of 
constructivist methods may be intimidating for some students—particularly those with low self-
efficacy and high performance anxieties—and may relate to the course of belief change. 
Furthermore, as Windschitl (2002) notes, there are several barriers to successfully enacting 
constructivist practices, such as broader cultural and political considerations (e.g., pressures and 
expectations from stakeholders and administrators). 
It is also worthwhile to note that the instructors in this study produced their own ideas during the 
interviews to employ more constructivist classroom practices in the future. For example, Sophia 
discussed the idea of using statistics examples that were tailored to domains of interest for students 
and developing an assignment that required students to teach a peer about a concept in statistics and 
play the role of the instructor, because, as she explained: “the best way to learn is to actually teach it 
to somebody else.” Similarly, Gilbert suggested placing more weight on assignments than exams 
and creating an assignment that required students to generate their own research questions and 
communicate their plan for statistical analyses by applying concepts covered in the course. He also 
suggested using more “simulator” based graphical representations that could be manipulated to 
illustrate key concepts (e.g., visual differences between strong versus weak correlations). Thus, 
upon reflection, both instructors generated ideas for creating more constructivist-oriented activities 
within their respective classes. With additional supports, these teachers may be able to more fully 
align their beliefs with their educational practices. Although these findings have important 
implications for pedagogy, it is important to bear in mind the limitations of this research, which we 
address in the following section, along with recommendations for future directions.  
4.4. Limitations and Future Directions 
In the study we explored relations between epistemic climate and students’ beliefs using a mixed-
methods approach. Given this, it should be noted that results from the qualitative data are not 
intended to generalize to all statistics instructors or learning environments. Instead, the goal of the 
observational and interview data was to provide a more nuanced analysis of instructors’ beliefs and 
classroom practices to help us better understand variations in epistemic climate. In this way, the 
qualitative data builds on previous work by helping us to interpret and expand on quantitative 
results. Another limitation is that our research does not directly test mechanisms responsible for 
shifts in students’ beliefs at a micro-level of analysis. Thus, questions of how or when a shift in 
beliefs occurs among individuals are not fully addressed here. For instance, in addition to epistemic 
messages embedded through instruction, there are several learner characteristics, such as motivation 
and depth of processing that likely influence change over time (Dole & Sinatra, 1998). Further, the 
catalyst for a shift in beliefs may be contingent upon individuals’ dissatisfaction with current beliefs 
as well as perceived value of endorsing new beliefs (Pintrich, Marx, & Boyle, 1993). Thus, 
additional research is needed to test interactions between cognitive, motivational and social 
processes involved in belief change. 
As a shift in beliefs was detected between the two groups on only one scale dimension, it may be 
the case that there are certain facets of beliefs about statistics that are more susceptible to change 
than others. Given that observed and reported differences in instructional approach were nuanced 
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when comparing the two environments, it may also the case that the scale measuring students’ 
beliefs about instruction was not sensitive enough to detect these distinctions. Findings from the 
qualitative results suggest that self-report measures could be improved to more accurately measure 
students’ beliefs, particularly given that low reliabilities are common within belief research 
(DeBacker, Crowson, Beesley, Thoma, & Hestevold, 2008; Schraw & Olafson, 2008). In addition, 
we suggest that future work examine differences among a larger number of students and classes 
given that the quantitative analyses in this study (factorial ANCOVA) was limited by the small 
sample size. 
Finally, as previously noted, various student-related variables (e.g., emotions) and environmental 
constraints (e.g., required curriculum, evaluation methods) may also contribute to the epistemic 
climate and influence the degree to which constructivist approaches foster belief change. As such, it 
is not our intention to claim that traditional teacher-directed approaches to instruction no longer 
have any place in education or that they operate within a vacuum. In addition, given that we 
examined statistics beliefs within the context of social sciences, further work is needed to examine 
whether these findings can be replicated for statistics classes within other domains (e.g., physics) 
and how differences in instructional approaches interact with these student and context-specific 
factors. In a similar vein, the data in this study were collected from two separate schools and, as 
such, belief differences across classrooms may have been influenced by the broader academic 
culture of the school environment within which they operated. In this study, we did not examine the 
nature of school environments in detail as our goal was to examine the more proximal relations 
between epistemic climate in the classroom and students’ beliefs about statistics. Further work is a 
needed to directly measure contextual influences at multiple levels of analyses (school, classroom, 
domains). 
Despite these limitations, we feel that this research provides meaningful insights into the 
relationship between epistemic climate and students’ beliefs in the context of statistics classrooms. 
More specifically, our findings provide evidence to suggest that variations in instructional 
approaches are related to student beliefs and represent an important step toward examining the role 
of epistemic climate. To expand on this work, we encourage researchers to examine whether other 
elements of the epistemic climate. In this regard, the application of theoretical models from the 
conceptual change literature and the use of experimental research designs may provide fruitful 
avenues for further empirical scrutiny of these processes in an effort to better understand the role of 
epistemic climate in belief development.  
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